ABSTRACT: Although intrauterine growth retardation (IUGR) is a major risk factor for increased neonatal mortality and morbidity, the mechanisms behind it are not clear. We analyzed cytokine gene expression and gene polymorphisms in infants with and without IUGR in Pakistan, where IUGR is very common. 45 IUGR and 55 control mother/infant pairs were studied. mRNA for IL-10, IL-8, TNF-␣, TGF-␤, IL-6, IL-4, IL-1␤, IL-12, IFN-␥ and GAPDH was quantified with RT-PCR from placenta. Cytokine and cytokine receptor gene polymorphisms for -1087IL10, -308TNFA, -174IL6, ϩ915TGFB1, intron 2 IL1RN, ϩ36TNFR1, 150V IL4RA and -159CD14 were determined from genomic DNA. The serum levels of IL-1␤, IL-6, IL-8, IL-10, IL-12, TNF-␣ and TGF-␤ were measured.
I
ntrauterine growth retardation (IUGR) is a major risk factor for increased neonatal mortality, morbidity and stillbirth (1) , including a considerable risk for permanent brain damage and a higher rate of failure in school (2) . Found prevalence of IUGR in newborns of Lahore, Pakistan in 1984-87 was 15-16% in a rural and semi-rural population (3) , in Karachi, the prevalence was 24% (4), while in a Swedish population it was 1% to 4% (5) . Despite the recognized problems with IUGR and several studies on the subject, the mechanisms behind it remain unclear.
When malformations and genetic causes are excluded, IUGR is characterized by placental insufficiency. An impairment in the invasion of fetal trophoblasts during implantation into the maternal decidua has been considered as a cause of insufficient remodeling of the spiral arteries into vessels of low resistance resulting in reduced utero-placental blood flow, preeclampsia and/or small for gestational age (SGA) fetuses (6) . The distribution of the fetal and the maternal blood circulation in the placenta is important for efficient exchange of oxygen and nutrients and thus for the normal growth of the fetus (7).
Cytokines play a major role in reproductive events. TNF-␣ and IFN-␥ inhibit survival, growth and differentiation of trophoblast T-cells (8) , while GM-CSF, CSF-1 and IL-3 appear to enhance proliferation and growth of trophoblasts (9, 10) . IFN-␥, TNF-␣ and IL-2 cause fetal resorbtion, whereas IL-3 and GM-CSF injected into abortion-prone mice increase fetal survival rate as well as fetal and placental weight (11) .
A few studies on human pregnancy indicate that cytokines are also involved in the pathogenesis of IUGR and other pregnancy dysfunctions. There is an increased placental production of TNF-␣ in IUGR pregnancies (12) and an excess of TGF-␤ during pregnancy can be associated with miscarriage (13) .
In a previous investigation (14) we have showed that the levels of IL-10 mRNA were decreased and of IL-8 mRNA increased in the decidua of IUGR placentas from Swedish mothers. In the present study, we analyzed the gene expression for different Th1 and Th2 cytokines from the maternal (decidua) and the fetal (trophoblast) side of the placenta from IUGR and non-IUGR pregnancies, as well as from full-term and preterm pregnancies in a Pakistani population. We have also investigated cytokine gene polymorphisms and cytokine protein expression for certain Th1 and Th2 cytokines from maternal and umbilical cord blood. We wanted to evaluate the possible role of these cytokines in the development of IUGR in an area where the known risk factors for IUGR such as maternal malnutrition and exposure to infections are much more frequent and complex than in Sweden. The question was whether or not the possible role of the reduced IL-10 mRNA in the decidua found in the Swedish material could be confirmed also in the Pakistani material. If that was the case, its possible role as a pathogenic mechanism behind IUGR would be strengthened and the possibility of treatment with IL-10 might be considered. In fact, we found evidence for a decreased gene expression of IL-10 in the placenta of the Pakistani mothers, supporting our previous finding in the Swedish material (14) .
MATERIALS AND METHODS
Patient groups. The study group consisted of 218 pregnant women registered at the antenatal clinic of Lady Wellingdon Hospital, Lahore, Pakistan. Out of 218 mothers, 100 delivered at the hospital and the rest either delivered at home, or dropped out of the study. Only mothers who delivered at the hospital were included in the study. Placenta, whole blood and serum/cord blood samples from 45 IUGR and 55 non-IUGR mother/newborn pairs were used. Each of these two groups was further divided into a full-term and a preterm group.
All mothers had ultrasound examinations before the 20 th week of gestation. Only mothers certain of the date for the onset of pregnancy confirmed by the ultrasound examination were included in the study. Mothers with twin pregnancies, congenital anomalies diagnosed by ultrasound examination and infections diagnosed during or after deliveries, which could influence the placental configuration or expression of cytokines were excluded from the study. The IUGR was diagnosed at attended check-ups. The fundal height in cm was measured at each visit and plotted on a graph from 24 wk onwards. Growth was suspected to be abnormally retarded if it was less than -2 SD. In such cases the ultrasound examination was used to help to establish the diagnosis of IUGR. The definition of IUGR was the lack of increase in estimated fetal weight (Յ11% compared with standard curves, examination interval Ն15 d) and/or pathologic Doppler velocimetry in the umbilical artery (15, 16) . In moderate or severe cases of IUGR, Doppler test of umbilical artery blood flow velocity was used for the decision about time and mode of delivery. Placental tissues, as well as blood and serum samples, were collected by staff available 24 h.
Full-term pregnancy was defined as 37-42 completed weeks of gestation, while preterm pregnancy was less than 37 completed weeks of gestation.
Informed consent and Ethics Committeeś approval both in Pakistan (King Edward Medical College Ethics Committee) and in Sweden (The Ethics Committee of the Sahlgrenska Academy at Göteborg University) were obtained.
Collection and handling of placentas. Small tissue samples (10-100 g) were taken from the placenta immediately after delivery, both from the decidua and the trophoblast, rinsed in physiologic solution (0.9% NaCl) and fixed in RNAlater (Ambion-Intermedica, Stockholm, Sweden). The placentas were handled on ice and time between the delivery of the placenta and fixation in RNAlater never exceeded 10 min. Samples were stored at -8°C at the Lady Wellingdon Hospital, brought on ice to King Edward Medical College where they were stored at Ϫ20°C before shipment to Sweden on dry ice. In Sweden they were stored at Ϫ20°C until analyzed.
RNA preparation. Total RNA was extracted from the fixed tissue using RNeasy Mini kit (Qiagen Inc, Valencia, CA). Isolation was done according to the manufacturer's instructions: the tissue was homogenised in a highly denaturising guanidine isothiocyanate (GITC)-containing buffer, washed with ethanol and eluted with RNase-free water. The isolate was treated with DNase Treatment & Removal Reagents (Ambion Inc, Austin, TX) to eliminate possible remains of genomic DNA.
The yield and purity of the RNA was determined by spectrophotometric measurements of absorbances at 260 and 280 nm wavelengths. The quality of the RNA was checked on 1% agarose gel with SybrGreen (BMA, Rockland, ME) in the presence of a RNA standard (Human HeLa Cell Total RNA, Clontech Laboratories, Palo Alto, CA). The isolated RNA was considered intact and of good quality if distinct 28S and 18S bands were seen.
Synthesis of cDNA. For reverse transcription, 2 g of RNA and pd(N)6 50 M (Pharmacia-Upjohn, Uppsala, Sweden) were used together with dNTPs, 10 M each (Pharmacia-Upjohn), RNase inhibitor 40U/mL (Promega, Madison, WI, USA), Superscript 200U/mL (RNase H-Reverse Transcriptase, Invitrogen, Carlsbad, CA) First Stand Buffer (Invitrogen) and distilled water DNAse and RNAse free (GIBCO, Invitrogen) were added to a total volume of 30 mL. The mixture was incubated at 42°C for one hour with termination at 70°C for 10 min.
RT-PCR (Riverse Transcriptase-Polymerase Chain Reaction).
Real time PCR was performed for the quantification of gene expression using a LightCycler rapid thermal system (Roche Diagnostic Ltd, Lewes, UK) according to the manufacturer's instructions. A LightCycler FastStart DNA Master SYBR Green I kit (Roche Diagnostics Scandinavia AB, Bromma, Sweden) was used together with LightCycler-Primer Set Kits (Search-LC, GmbH Heidelberg, Germany) for the housekeeping gene glyceraldehyde-phosphate-dehydrogenase (GAPDH), IL-10, IL-8, TNF-␣, TGF-␤, IL-6, IL-4, IL-1␤, IL-12 and INF-g. Reactions were performed in a 20 L volume with 10 L master mix (containing 2 L of SybrGreen mix, 6 L of specific primers for each cytokine and 2 L of sterile water) and 10 L of cDNA diluted five times for IL-10, IL-8 and TNF-␣, and 20 times for other cytokines. The run was programmed according to the LightCycler-Primer Set Kits instructions. The first step was 10 min denaturation at 95°C, followed by 35 cycles for GAPDH, 45 cycles for the remaining cytokines, 95°C denaturation for 10s, 68°C-58°C annealing for 10s decreasing 0.5°C/cycle and finally 72°C extension for 16s. The PCR products were subjected to melting curve-analyses starting with 58°C rising to 95°C, increasing 0.1°C/s to confirm the product specificity.
The results were expressed as a ratio between the concentration of the housekeeping gene GAPDH and the relevant cytokine in each sample.
Cytokine gene polymorphisms. Five mL of heparinized blood was collected from each mother/child pair. The blood samples were frozen at Ϫ20°C, sent to Sweden on dry ice and kept frozen until handled.
PCR amplification of 1 mL (30 ng) DNA was performed for ϩ915TGFB1, intron 2 IL1RN, Ϫ1087IL10, Ϫ308TNFA, Ϫ174IL6, ϩ36TNFR1, 150V IL4RA and Ϫ159CD14. For this GeneAmp PCR system 9600, Perkin Elmer (Norwalk, CT, USA) and GeneAmp PCR system 2700 (Applied Biosystems, Foster City, CA, USA) were used. intron 2 IL1RN amplification with primers, upper 5=CTCAGCAA-CACTCCTAT3= and lower 5=CTAAAATCCCGAGGTCAGAA3=, was done with 2 M MgCl 2 , 0.2 M of each dNTP (Amersham Biosciences, Piscataway NJ, USA), 0.4 M of each primer (TIB MOLBIOL Syntheselabor, Berlin, Germany), 1.25 U AmpliTaq Gold DNA polymerase (Roche, Applied Biosystems, New Jersey, USA), PCR buffer II and sterile water, total volume of 25 mL. PCR program was: 12 min at 94°C, 27 cycles of 94°C for 30 s, 60°C for 1 min, 72°C for 2 min and 72°C for 5 min. PCR for -1087IL10, upper primer 5=AAGGCAACACTACTAAGGCTTCCTT3= and lower primer 5=TAAATATCCTCAAAGTTCC3= was carried out as for intron 2 IL1RN except that 4 M MgCl 2 was used and the PCR program was: 24 min 94°C and 37 cycles. PCR for ϩ36TNFR1, upper primer 5=CTGACCGGAGGGA-CAGAATTCAGAA3= and lower primer 5=CTGCCCTGAGCCCAAATG-GTGGAGT3=, was the same as for intron 2 IL1RN, but for PCR program: 24 min 94°C, 40 cycles of 94°C 1 min, 70°C 1 min and 72°C for 5 min. PCR for Ϫ308TNFA, upper primer 5=ACACAAGCATCAAGGATACCCCTCAC3= and lower primer 5=CTCCCCCTCAACGGACTCAGC3=, was as for intron 2 IL1RN, but for PCR program: 24 min 94°C and 30 cycles. Ϫ159CD14, upper primer 5=AGGCTTAGGCTCCCGAGTCAA3= and lower primer 5=TCCTA-CACAGCGGCACC3=, was performed the same way as intron 2 IL1RN, the difference was in the PCR program: 24 A specific restriction enzyme for each cytokine (New England BioLabs Inc, Bevery, MA, USA) cleaved the PCR-products at the designated locations and the resulting fragments (representing specific alleles) were resolved on 4 -20% polyacrylamide gels (Invitrogen) in the presence of the molecular size marker ϫ174/HaeIII-digested DNA (Invitrogen)
, with the DNA Silver Staining Kit (Amersham Biosciences AB, Uppsala, Sweden).
Determination of cytokines in serum by Luminex and ELISA. Serum was collected in Pakistan from each mother/child pair, frozen at Ϫ20°C and sent to Sweden on dry ice where kept frozen until handled.
The levels of IL-1␤, IL-6, IL-8, IL-10, IL-12, TNF-␣ and TGF-␤ in serum were measured with Bio-Plex human cytokine assays (Bio-Rad Laboratories AB, Sundbyberg, Sweden) according to the manufacturer. Data were analysed with the Bio-Plex Manager™ software version 2.0 (Bio-Red) with 4LP and 5LP curve fits. The samples that gave very high values in Luminex were analyzed with the ELISA based on specific monoclonal catching antibodies used for coating (17) , the certified method used at the Clinical Immunologic Laboratory at the Sahlgrenska University Hospital, Göteborg, Sweden.
Statistical analyses. Expression of the mRNA and protein levels for each cytokine in different groups were analyzed using Mann-Whitney test. A significant difference was at p Ͻ 0.05. Genotype frequencies in different groups were compared using chi-square test. All calculations were done using StatView program, version 4.5. (SAS Institute Inc., USA).
RESULTS
The parameters characterizing the mother/child pairs divided in four groups, as well as the number of pairs in each group included in our study, are summarized in Table 1 . Sixty two percent of the IUGR newborns were delivered by Caesarean section. The placental weight (mean) was significantly lower (p Ͻ 0.0001) in the IUGR group than in the non-IUGR group. Almost half, 11/24, of the preterm IUGR newborns died after delivery. The mean maternal weight was significantly lower (p Ͻ 0.02) among the IUGR mothers whereas the height was not different from the non-IUGR group. Consanguinity was slightly more common, but not significantly, in the IUGR group (29/45, 64%) compared with the non-IUGR (32/55, 58%).
Cytokine gene expression.
There was a significant decrease of mRNA expression in the decidua of the IUGR placentas for IL-10 (p Ͻ 0.0001) and IL-12 (p Ͻ 0.008) and in the trophoblasts for IL-10 (p Ͻ 0.03) compared with the non-IUGR group (Fig. 1A-C) . There was a significant increase of mRNA expression for TGF-␤ both in the decidua (p Ͻ 0.009) and the trophoblasts (p Ͻ 0.009) of the IUGR placentas compared with the non-IUGR group (Fig. 2A,B) .
In the placentas of the preterm group, significantly reduced expression of the TGF-␤ mRNA was found in the trophoblasts (p Ͻ 0.03) compared with the full-term group. TGF-␤ mRNA was diminished in both the decidua and the trophoblasts of the preterm IUGR group compared with the full-term IUGR group (p Ͻ 0.0005 and p Ͻ 0.005 respectively).
In the trophoblasts the IL-12 mRNA expression was significantly reduced in the preterm non-IUGR compared with the full-term non-IUGR group (p Ͻ 0.04). There were no significant differences in the mRNA expression of IL-4, IFN-␥, IL-8, IL-1␤, IL-6 and TNF-␣ between any of the groups.
Gene polymorphisms. There were no significant differences between the intron 2 IL1RN, ϩ915TGFB1, ϩ36TNFR1, Ϫ308TNFA, Ϫ1087IL10, 150V IL4RA, Ϫ159CD14 and Ϫ174IL6 genotypes in any of the groups. The population was in this respect homogenous.
The distribution of the genotype frequencies was compared in the Pakistani women and Swedish Caucasian women. There were significant differences in the distribution of Ϫ1087IL10 (p Ͻ 0.0008), Ϫ308TNFA (p Ͻ 0.04) and Ϫ159CD14 (p Ͻ 0.04) genotype frequencies between the two populations.
Cytokine serum levels. Serum analyses showed that the levels of the IL-1␤ were significantly down-regulated in the IUGR mothers compared with the mothers of the non-IUGR group (p Ͻ 0.008). TGF-␤ was significantly down-regulated in the preterm group of mothers compared with the full-term group (p Ͻ 0.005).
In the serum of the IUGR infants the TGF-␤ levels were down-regulated compared with the infants of the non-IUGR group (p Ͻ 0.05) and in the full-term infants the IL-10 levels were reduced compared with the pre-term infants (p Ͻ 0.05).
DISCUSSION
Considering the fact that IUGR is a major risk factor for newborns in poor countries (3) it is important to search for the mechanisms behind this condition in the hope of finding methods for its prevention and/or treatment.
In the present study from Pakistan a main finding is that the IL-10 mRNA expression is down-regulated in both decidua and trophoblasts of the IUGR placentas. The reduction of IL-10 in the decidua agrees with the results of our previous study in a Swedish population (14) . The socio-economical and health situation is very different for Swedish and Pakistani mothers, with many more risk factors for IUGR in Pakistan. Still a similar reduction in the IL-10 mRNA expression was found in the Pakistani IUGR placentas as in the Swedish. IL-10 is a major anti-inflammatory and down-regulatory cytokine. It is not only produced by lymphocytes in the placenta but also by the placenta itself (18) . The role of IL-10 during pregnancy has been and still is discussed. Two different studies in IL-10 knock-out (KO) mice have reported that IL-10 is not needed for a successful pregnancy (19, 20) . However, they disregarded the fact that there are several functional In addition we do not know if some of these cytokines may also be reduced in cases of IUGR. Another study in Th2 cytokine KO mice (even quadruple cytokine KOs i.e., IL-4, IL-5, IL-9 and IL-13 showed that these cytokines were not essential for fetal survival (22) .
We observed an up-regulation of the TGF-␤ in the IUGR compared with the control group in both the decidua and the trophoblasts. TGF-␤ is produced by mononuclear phagocytes, activated T-cells and other cells. Its main action is to stop the proliferation and differentiation of T-cells, to inhibit the activation of macrophages and to reduce the effects of proinflammatory cytokines (23) . TGF-␤ controls the growth of trophoblasts and is present throughout pregnancy. One study has found that TGF-␤ was higher in the IUGR in the first trimester of the pregnancy compared with the last two. However, the concentration of TGF-␤ remained high in the IUGR pregnancies (24) . In vitro studies have described possible mechanisms by which TGF-␤ may regulate trophoblast invasion. Thus, trophoblast invasive capacity may be inhibited by treatment with TGF-␤ probably by the inhibition of matrix metalloproteinase-9 (MMP-9) and plasmin and/or by overexpression of the TGF-␤ trans-membrane-binding protein endoglin (25) . The high levels of TGF-␤ mRNA in the decidua and trophoblasts in Pakistani material seemed surprising since this cytokine is considered immunosuppressive. A recent study has shown, however, that TGF-␤ is responsible for the CD103 expressing CD8ϩ T-cells causing graft vs. host reaction after bone marrow transplantation. It may be that the increased TGF-␤ in the Pakistani IUGR pregnancies could be damaging and even linked to the fact that IUGR is so much more common in Pakistan than in Sweden (26) .
We also observed a down-regulation of the IL-12 mRNA expression in the decidua of the IUGR placentas. IL-12 is a pro-inflammatory cytokine. It is needed for differentiation of T-cells to Th1 cells, but its role in pregnancy is not known. Studies in patients suffering from spontaneous abortions have shown down-regulation of IL-12 in peripheral leukocytes and monocytes. The same was true for preeclamptic patients (27) .
IUGR is a complex problem with a number of risk factors. In this study we have excluded mothers showing external risk factors for IUGR like malnutrition, infections and twin pregnancies, and concentrated on placenta-related IUGR. However, one risk factor in this study is consanguinity, which was somewhat more prevalent in the IUGR group than in the non-IUGR group (64% and 58% respectively) but not significantly different. In the region of this study consanguinity is present in close to 50% of pregnancies (28) , but is absent in the Swedish population. A negative influence of inbreeding on birth size has been shown (4).
Infants born with IUGR, or those born SGA may catch up in growth during the first few years of age if the nutritional and hygienic situation is appropriate (29) . However, they remain more susceptible to infections. The reasons for that are not well understood, but recently we found that Pakistani adults who had had low birth weight showed significantly reduced antibody responses to a Salmonella typhi VI polysaccharide vaccine (30) . It might be that a secondary immunodeficiency for encapsulated bacteria like pneumococci, meningococci and Haemophilus influenzae type b, remaining after an IUGR delivery, may result in more frequent and severe infections. The information in cases of IUGR about the functional capacity of the immune system and its signals including the cytokines, is sparse. We did not find that the polymorphisms in the tested cytokine genes of intron 2 IL1RN, ϩ915TGFB1, ϩ36TNFR1, Ϫ308TNFA, Ϫ1087IL10, 150V IL4RA, Ϫ159CD14 and Ϫ174IL6 could be linked to IUGR. Thus no risk group could be defined in this way.
It would be important to find more evidence for whether or not a deficiency of IL-10 in the decidua could be a pathogenic mechanism in IUGR, because then it might be possible to find a strategy for treatment. Recently it was shown in an animal model that without regulatory T-cells producing IL-10, pregnancies ended in abortions (31, 32) . That model might be used to further analyze the possibility that the amount of the IL-10 produced by maternal regulatory T-cells in the placenta may be crucial for the normal growth and development of the fetus.
In conclusion, even though the genetic, social and nutritional circumstances may be quite different for pregnant women in Pakistan and Sweden, IUGR pregnancies in both countries have one feature in common; they are associated with a low expression of the IL-10 in the placenta, primarily in the decidua. This might indicate a common pathway in the pathogenesis of IUGR. 
